Introduction
============

Patients with rheumatoid arthritis (RA) have increased mortality, largely attributable to cardiovascular disease \[[@B1]\], and there is increasing evidence from controlled clinical studies that patients with RA have more extensive extra-coronary atherosclerosis \[[@B2]-[@B5]\] and coronary calcification \[[@B6]\] than age- and gender-matched control subjects. The contribution of traditional and novel cardiovascular risk factors has been examined, but the mechanism for this increased cardiovascular risk in RA remains unclear.

Hypertension, smoking, and increased concentrations of C-reactive protein are more frequent in patients with RA than in control subjects \[[@B7],[@B8]\]. Furthermore, patients with RA and coronary-artery atherosclerosis are older and have a higher cumulative exposure to cigarettes and a higher erythrocyte sedimentation rate than patients without atherosclerosis, suggesting that traditional risk factors and inflammation may both play a role in the process \[[@B6]\].

The Framingham risk score is an extensively studied index to predict cardiovascular risk in the general population \[[@B9]\]. It includes age, gender, smoking, blood pressure, and cholesterol concentrations and estimates the risk of coronary events by stratifying individuals into three risk categories: low (\<10% risk of an event in 10 years), intermediate (10% to 20%), and high (\>20%) \[[@B10]\]. Although the Framingham risk score is widely used in the general population to determine prognosis and the need for intervention \[[@B9]\], the value of this risk score is less clear in younger patients, women, and patients with inflammatory diseases \[[@B11],[@B12]\]. For example, in patients with systemic lupus erythematosus (SLE), another rheumatic disease associated with increased coronary calcification, there were no differences in the Framingham risk score in patients and controls, and the majority of the SLE patients with coronary calcification had a low 10-year risk according to the Framingham calculations \[[@B12]\].

In contrast to the general population, there is no information about the relationship between the Framingham cardiovascular risk score and coronary calcification in patients with RA. Therefore, we tested the hypothesis that the Framingham cardiovascular risk score would be associated with coronary calcification in patients with RA.

Materials and methods
=====================

Eighty-nine patients with early RA who had a median (interquartile range) disease duration of 2 (1 to 3) years and mean age of 51 ± 11 (mean ± standard deviation) years, 66 patients with long-standing RA (median disease duration 19 \[14 to 24\] years), aged 57 ± 10 years, who met the classification criteria for RA \[[@B13]\], and 85 control subjects aged 52 ± 10 years were studied. Control subjects did not meet the classification criteria for RA or any other autoimmune disease and were frequency-matched for age, gender, and race with patients with RA (early and long-standing disease combined). These patients and control subjects are part of an ongoing cohort study to identify cardiovascular risk factors in RA \[[@B6]\]. The study was approved by the Institutional Review Board of Vanderbilt University Hospital, and all subjects gave written informed consent.

Clinical assessment
-------------------

Patients and control subjects were assessed according to a standardized clinical interview, physical examination, laboratory tests, and (in patients) chart review. Family history of coronary disease was defined as a first-degree relative who had had a myocardial infarction or stroke before the age of 55 in males or 65 in females. Height and weight were measured, and body mass index was calculated by dividing the weight in kilograms by the square of the height in meters. Blood pressure was recorded as the mean of two measurements obtained 5 minutes apart after subjects had rested in a supine position for 10 minutes.

Laboratory tests
----------------

After an overnight fast, blood was collected for measurement of glucose, total cholesterol, high-density lipoprotein (HDL), triglycerides, Lp(a) lipoprotein, and homocysteine concentrations and the calculation of low-density lipoprotein (LDL).

RA measurements of disease activity and other outcomes
------------------------------------------------------

In patients with RA, disease activity was measured with the use of the disease activity score using 28 joint counts (DAS28) \[[@B14]\]. All patients and control subjects completed a Modified Health Assessment Questionnaire that provided scores for physical function, pain (0 to 10 cm, visual analog scale), and fatigue (visual analog scale) \[[@B15]\].

Framingham score
----------------

The composite simplified coronary prediction model built on the blood pressure and cholesterol categories proposed by the Joint National Committee on Blood Pressure and the National Cholesterol Education Program was used. This model includes age, total and HDL cholesterol, blood pressure, and smoking and was designed in the setting of a community-based cohort (Framingham) of more than 5,000 people followed for 12 years \[[@B9]\].

Coronary-artery calcification
-----------------------------

All subjects underwent imaging with an Imatron C-150 scanner (GE Imatron, now part of GE Healthcare, Little Chalfont, Buckinghamshire, UK) as described previously \[[@B6]\]. Briefly, imaging was performed with a 100-millisecond scanning time and a single-slice thickness of 3 mm. Forty slices were obtained during a single breath-holding period starting at the aortic arch and proceeding to the level of the diaphragm. Tomographic imaging was electrocardiographically triggered at 60% of the interval between R waves. All areas of calcification within the borders of a coronary artery with a minimal attenuation of 130 Hounsfield units (HU) were computed. A calcified coronary plaque was considered present if at least three contiguous pixels were detected (voxel size, 1.03 mm^3^). All the scans were read by a single expert investigator (PR), unaware of the subjects\' clinical status.

Calculation of calcium scores
-----------------------------

The degree of coronary-artery calcification was calculated as described by Agatston *et al*. \[[@B16]\]. The area of each calcified plaque is multiplied by the peak radiological attenuation inside this area expressed as a coefficient (1 = for an attenuation of 130 to 199 HU; 2 = 200 to 299 HU; 3 = 300 to 400 HU; and 4 = more than 400 HU). The sum of the scores for all coronary arterial lesions provides an overall score for each individual.

Statistical analysis
--------------------

Clinical characteristics and the cardiovascular risk scores were compared in patients with early RA, patients with long-standing RA, and control subjects using Kruskal-Wallis or Wilcoxon rank sum tests for continuous variables and Fisher\'s exact test for categorical variables. The correlation between Framingham score and continuous clinical characteristics was performed using the Spearman correlation coefficient (ρ). A multiple linear regression model with adjustment for age and gender was used to assess the difference in the Framingham score among control subjects and patients with early and long-standing RA.

Coronary calcium scores were classified as absent (0), minimal to mild (1 to 100), moderate (101 to 400), and severe (\>400), and the association between these categories and the risk score was examined by proportional logistic regression in patients with RA and control subjects. In the multivariable analyses, non-linear effect of age was evaluated using a restricted cubic spline \[[@B17]\]. All analyses used a 5% two-sided significance level and were performed with STATA 9.1 and R 2.1.0 (STATACorp, College Station, TX, USA) \[[@B18]\].

Results
=======

Demographic characteristics and cardiovascular risk factors of patients with RA and control subjects are shown in Table [1](#T1){ref-type="table"}. Patients with RA had a median DAS28 of 3.29 (2.26 to 4.29), median C-reactive protein of 4 (3 to 11) mg/l, and median erythrocyte sedimentation rate of 15 (7 to 35) mm/hour. One hundred eleven (72%) were current users of methotrexate. As reported previously \[[@B6]\], several traditional cardiovascular risk factors differed among the three groups, including individual components of the Framingham equation such as age (*P*= 0.002), percentage of current smokers (*P*= 0.004), and systolic blood pressure (*P*= 0.001). Serum concentrations of total and HDL cholesterol were not statistically significant (*P*= 0.22 and *P*= 0.16, respectively). Patients with long-standing disease had higher Framingham risk scores (14 \[11 to 18\] units) than patients with early disease (11 \[8 to 14\] units) or control subjects (12 \[7 to 14\] units) (*P*\< 0.001). The association for long-standing RA versus control subjects remained significant after statistical adjustment for age and gender (β = 1.38 \[95% confidence interval (CI) 0.26 to 2.49\], *P*= 0.015). These results remained significant after further adjustment for homocysteine (β = 1.36 \[95% CI 0.24 to 2.49\], *P*= 0.018).

Framingham scores were significantly higher (14 \[12 to 17\] units) in 76 patients with RA who had coronary-artery calcification compared with 79 patients who did not have coronary calcification (10 \[5 to 14\] units) (*P*\< 0.001). Figure [1](#F1){ref-type="fig"} shows the Framingham risk score and the 10-year risk according to coronary calcification categories. The Framingham risk scores were correlated with Agatston scores (ρ = 0.44, *P*\< 0.001), and an increase in one unit of the Framingham risk score was associated with a 20% increase in the odds of higher Agatston scores (odds ratio \[OR\] = 1.20, 95% CI 1.12 to 1.29, *P*\< 0.001). This association remained significant after adjustment for age and gender (OR = 1.15, 95% CI 1.02 to 1.29, *P*= 0.03) and after further adjustment for homocysteine concentrations (OR = 1.15, 95% CI 1.01 to 1.30, *P*= 0.03). Similar results were found in control subjects, in whom the association between the Framingham score and coronary calcium score was significant (OR = 1.18, 95% CI 1.07 to 1.31, *P*\< 0.001), and remained independent of age, gender, systolic blood pressure, and homocysteine (OR = 1.20, 95% CI 1.02 to 1.41, *P*= 0.03). However, the association of the Framingham risk score and coronary calcification is not modified by disease status (interaction analysis, *P*= 0.48), suggesting that the Framingham risk score has similar predictive ability among patients with RA and control subjects.

Patients with coronary calcification also had a higher predicted 10-year Framingham risk of a cardiovascular event (7% \[4% to 12%\]) than patients who did not have calcification (1% \[\<1% to 4%\]) (*P*\< 0.001). Table [2](#T2){ref-type="table"} shows the correlations between the Framingham risk score and clinical characteristics and cardiovascular risk factors among patients with RA. As expected, the score was significantly correlated with its individual components: age (ρ = 0.76, *P*\< 0.001), systolic blood pressure (ρ = 0.60, *P*\< 0.001), and total cholesterol (ρ = 0.27, *P*\< 0.001). In addition, other cardiovascular risk factors such as concentrations of triglycerides (ρ = 0.26, *P*= 0.001), diastolic blood pressure (ρ = 0.22, *P*= 0.006), and LDL cholesterol (ρ = 0.22, *P*= 0.005) were also significantly correlated with the Framingham score. Some specific disease characteristics, including disease duration (ρ = 0.29, *P*\< 0.001) and cumulative corticosteroids (ρ = 0.17, *P*= 0.03), were correlated significantly with the Framingham score, but cumulative hydroxychloroquine (*P*= 0.53) and functional capacity (*P*= 0.90) were not. An association with DAS28 was of borderline significance (*P*= 0.07).

Figure [2](#F2){ref-type="fig"} depicts the results of a multivariable model examining the association of the Framingham risk and coronary calcium scores after adjusting for disease status, age, gender, and homocysteine. Differences in the intercept indicate that patients with long-standing RA (late) have a greater probability of having higher coronary calcium scores than control subjects, independent of Framingham risk scores (OR = 2.46, 95% CI 1.20 to 5.05).

The control group was frequency-matched for age and gender with the entire group of RA patients and thus predictably did not exactly match with either the early or late RA groups. Minor differences between the groups were dealt with by the use of multivariable adjusted analyses. To further confirm our results, we performed sensitivity analyses between all patients with long-standing RA (mean age 56.7 ± 10.5 years, 25.8% male) and 66 matched control subjects (mean age 55.0 ± 7.6 years, 25.8% male). The association between RA and Framingham score was of borderline significance (β = 1.62, 95% CI -0.01 to 3.26, *P*= 0.05) and remained significant after adjusting for age, gender, and homocysteine (β = 1.40, 95% CI 0.17 to 2.64, *P*= 0.03). Also, the association between the Framingham risk and coronary calcium scores was significant (unadjusted OR = 1.16, 95% CI 1.07 to 1.25, *P*\< 0.001) and remained so after adjustment for age, gender, and homocysteine (OR = 1.21, 95% CI 1.08 to 1.35, *P*= 0.001).

Discussion
==========

The two primary findings in this report are that patients with long-standing RA had higher Framingham risk scores compared with patients with early disease and control subjects and that patients with coronary calcification also have higher Framingham scores than those without coronary calcification.

The Framingham risk score includes age, gender, total and HDL cholesterol, blood pressure, diabetes, and smoking to derive an estimated risk of developing coronary heart disease within 10 years \[[@B9]\]. However, despite widespread use, the guidelines underestimate the presence of coronary calcification in certain populations, particularly women \[[@B11]\]. Because RA affects predominantly women, the utility of the Framingham risk score in this patient population is of interest, particularly considering that in patients with SLE, the Framingham risk score does not differ among patients and control subjects, and is inadequate for cardiovascular risk stratification \[[@B12],[@B19]\].

Smoking and hypertension, two of the components of the Framingham risk score, differed among patients with early RA, patients with long-standing RA, and control subjects. There were more smokers among patients with early and late RA than among control subjects, and patients with late disease had higher systolic blood pressure. These differences explain in part why patients with long-standing disease had higher risk scores after adjustment for age and gender. This finding appears to be important as both risk factors can be modified, thus emphasizing the need for behavioral and therapeutic interventions and better control of common comorbidities in patients with RA.

The association between the Framingham risk score and additional cardiovascular risk factors and RA-specific characteristics such as cumulative exposure to corticosteroids and disease duration is of interest, as is the association between the Framingham risk score and the severity of coronary calcification in patients with RA. However, although the Framingham score and the 10-year risk estimates were higher in patients with coronary calcification, the majority of patients with coronary calcification were classified as being at \'low\' 10-year risk and only 29 of 76 patients (38%) were at moderate or high risk according to the Framingham risk score. To improve prediction of future cardiovascular events in the general population, novel risk factors such as coronary calcium score have been studied.

A meta-analysis including asymptomatic individuals indicated that those with coronary-artery calcification above the median have an 8.7-fold increased risk of future coronary events \[[@B20]\]. In addition, there are data indicating that progression in calcium scores is associated with higher risk of myocardial infarction \[[@B21]\], and coronary-artery calcification adds information to the prediction of overall mortality \[[@B22]\]. Thus, efforts have been made to improve the prediction of risk by combining the Framingham risk score with coronary calcium score, and this combination appears of value to estimate risk in the general population \[[@B23],[@B24]\]. In RA patients with coronary calcification, the use of such a modified Framingham score would increase the estimation of 10-year risk from a mean of 7% (4% to 12%) to 12% (5% to 22%) and 51 of 76 patients with coronary calcification would be classified as being at moderate to high risk and therefore would be candidates for aggressive therapeutic interventions.

Conclusion
==========

Patients with RA and coronary-artery atherosclerosis have higher Framingham cardiovascular risk scores even after adjustment for age and gender. However, current risk stratification classified most patients with RA as having a low 10-year risk of hard events. The use of coronary-artery calcium scores may add information to the assessment of cardiovascular risk in patients with RA and may lead to better guidelines for therapeutic interventions in this patient population. Further prospective studies are needed to examine the utility of the Framingham and the modified Framingham scores to predict hard events in patients with RA.
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![Framingham risk score, the calculated 10-year risk of a cardiovascular event, and coronary-artery calcification of varying severity in patients with rheumatoid arthritis (RA) and control subjects. Framingham score **(a)**and the calculated 10-year risk of a cardiovascular event **(b)**and coronary-artery calcification of varying severity in patients with RA and control subjects. Error bars represent mean and 95% confidence interval.](ar2098-1){#F1}

![Relationship between the Framingham risk score and the probability of higher calcium scores among patients with early and long-standing rheumatoid arthritis (RA) and control subjects. The results of a multivariable model examining the association of the Framingham risk and coronary calcium scores after adjusting for disease status, age, gender, and homocysteine are depicted. Due to differences in the intercept, patients with long-standing RA (late) have a greater probability of higher coronary calcium scores than control subjects, independent of Framingham risk scores (odds ratio = 2.46, 95% confidence interval 1.20 to 5.05).](ar2098-2){#F2}

###### 

Clinical characteristics of patients with rheumatoid arthritis and control subjects.

  Characteristic                                               Patients with early rheumatoid arthritis (*n*= 89)   Patients with long-standing rheumatoid arthritis (*n*= 66)   Control subjects (*n*= 85)   *P*value^a^
  ------------------------------------------------------------ ---------------------------------------------------- ------------------------------------------------------------ ---------------------------- -------------
  Demographic variables                                                                                                                                                                                       
   Age in years                                                51 (43--59)                                          57 (48--65)                                                  52 (44--58)                  0.002
   Female gender, *n*(percentage)                              57 (64%)                                             49 (74%)                                                     55 (65%)                     0.35
   Caucasian, *n*(percentage)                                  81 (91%)                                             57 (86%)                                                     72 (84%)                     0.51
  Components of the Framingham risk score^b^                                                                                                                                                                  
   Total cholesterol (mg/dl)                                   182 (156--210)                                       188 (149--211)                                               195 (171--216)               0.22
   Smoking, *n*(percentage)                                    19 (21.4%)                                           20 (30.3%)                                                   8 (9.4%)                     0.004
   High-density lipoprotein (mg/dl)                            41 (37--53)                                          46 (40--56)                                                  45 (39--54)                  0.16
   Systolic blood pressure (mm Hg)                             128 (116--139)                                       138 (124--150)                                               128 (115--136)               0.001
  Framingham risk score (units)                                11 (8--14)                                           14 (11--18)                                                  12 (7--14)                   \<0.001
  Ten-year risk of a cardiovascular event                      2% (1%--6%)                                          6% (2%--11%)                                                 2% (1%--8%)                  0.006
  Other cardiovascular risk factors                                                                                                                                                                           
   Family history of coronary heart disease, *n*(percentage)   23 (26%)                                             19 (29%)                                                     26 (31%)                     0.78
   Body mass index (kg/m^2^)                                   28 (25--34)                                          28 (24--31)                                                  27 (25--32)                  0.51
   Low-density lipoprotein (mg/dl)                             111 (93--135)                                        114 (83--135)                                                122 (104--145)               0.07
   Lp(a) lipoprotein (mg/dl)                                   8.1 (2.0--24.6)                                      8.7 (4.0--23.2)                                              9.9 (4.0--32.3)              0.24
   Triglycerides (mg/dl)                                       108 (78--141)                                        111 (81--172)                                                103 (74--135)                0.43
   Homocysteine (μmol/l)                                       9.5 (8.1--11.4)                                      10.7 (8.1--12.3)                                             8.2 (7.1--9.6)               \<0.001

^a^*P*values were calculated using Fisher\'s exact test for categorical variables and Wilcoxon rank sum test for continuous variables;

^b^Other than age and gender. Continuous values are presented as median (interquartile range).

###### 

Spearman correlations between the Framingham risk score and clinical variables in patients with rheumatoid arthritis

                                                    ρ       *P*value
  ------------------------------------------------- ------- ----------
  Age (years)                                       0.76    \<0.001
  Systolic blood pressure (mm Hg)                   0.60    \<0.001
  Diastolic blood pressure (mm Hg)                  0.22    0.006
  Body mass index (kg/m^2^)                         -0.03   0.68
  Disease duration (years)                          0.29    \<0.001
  Pack-years of smoking                             0.11    0.16
  Coronary calcium score (Agatston units)           0.44    \<0.001
  Total cholesterol (mg/dl)                         0.27    \<0.001
  HDL cholesterol (mg/dl)                           -0.02   0.83
  LDL cholesterol (mg/dl)                           0.22    0.005
  Triglycerides (mg/dl)                             0.26    0.001
  Lp(a) lipoprotein (mg/dl)                         0.09    0.26
  Cumulative use of steroids (grams)                0.17    0.03
  Cumulative use of hydroxychloroquine (grams)      -0.05   0.53
  Modified Health Assessment Questionnaire (0--3)   0.01    0.90
  Disease activity score (DAS28)                    0.15    0.07

Higher scores in the Modified Health Assessment Questionnaire indicate more difficulty in performing activities of daily living. Higher scores for the disease activity score using 28 joint counts (DAS28) indicate greater disease activity. HDL, high-density lipoprotein; LDL, low-density lipoprotein.
